Engineering Apps for Advanced Industrial Engineering  by Volkmann, Johannes W. et al.
Available online at www.sciencedirect.com
2212-8271 © 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientific committee of 48th CIRP Conference on MANUFACTURING SYSTEMS - CIRP CMS 2015
doi: 10.1016/j.procir.2015.12.031 
 Procedia CIRP  41 ( 2016 )  632 – 637 
ScienceDirect
48th CIRP Conference on MANUFACTURING SYSTEMS - CIRP CMS 2015 
Engineering apps for advanced industrial engineering 
 Johannes W. Volkmanna*, Martin Landherra, Dominik Luckea, Marco Saccob, Michael Lickefetta, 
Engelbert Westkämpera 
aFraunhofer Institute for Manufacturing Engineering and Automation IPA, 70569 Stuttgart, Germany 
bInstitute of Industrial Technologies and Automation ITIA, 20133 Milan, Italy 
* Corresponding author. Tel.: +49-711-970-1943; fax: +49-711-970-1009. E-mail address: Johannes.Volkmann@ipa.fraunhofer.de 
Abstract 
Today, manufacturing is being shaped by the paradigm shift from mass production to on demand dictated, personalized, customer-driven and 
knowledge-based proactive production. Thus, shorter product life cycles, an increased number of product varieties, high performance 
processes, flexible machines and production systems result in an increased complexity in all factory level domains from product design, process 
development, factory and production planning to factory operation. To handle this complexity, new knowledge-based methods, technologies 
and tools to model, simulate, optimize and monitor planned and existing manufacturing systems are required. 
This paper presents the challenges, the approach and an overview of the results of the EU-FP7 funded project Apps4aME (GA N° 314156) and 
provides a concise overview over the Engineering Apps (eApps) approach that the project is based on. The project aims at the comprehensive 
consideration of ICT-based support of Manufacturing Engineering in all the above mentioned domains, called advanced Manufacturing 
Engineering (aME). The different life cycles are aligned by the development of a Reference Data Model that provides a detailed overview of all 
relevant domain-specific and inter-domain interdependencies. This life cycle-oriented model enables an integrated product design, process 
development, factory planning as well as production planning and factory operation. All stakeholders in these activities are supported by eApps 
that are conceived, developed and validated with the help of four industrial use cases spanning very diverse industrial branches. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of 48th CIRP Conference on MANUFACTURING SYSTEMS - CIRP CMS 
2015. 
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1. Introduction 
Today, manufacturing is being shaped by the paradigm 
shift from mass production to on demand dictated, 
personalised, customer-driven and knowledge-based proactive 
production. Thus, shorter product life cycles, an increased 
number of product varieties, high performance processes and 
flexible machines and production systems result in an 
increased complexity in all domains from product design, 
process development, factory and production planning to 
factory operation. To handle this complexity, new knowledge-
based methods, technologies and tools to model, simulate, 
optimise and monitor planned and existing manufacturing 
systems are required. Such new tools should allow changes to 
be made at early design phases to the product and the 
corresponding manufacturing processes in all factory 
structures (from production network to site, area, segment, 
production system, cells, machines, sensors / actuators) in 
order to maximise the system efficiency. These tools must be 
smooth (smart and fault tolerant) in their interaction with 
human workers as well as working in an integrated way on 
different shop floor levels along the whole engineering life 
cycle. With this contribution, the authors present the 
promising results in studying and developing new solutions of 
supporting engineers in the holistic product and factory life 
cycle using mobile and light weight applications. 
2. State of the art and challenges 
Several engineering methodologies exist in the different 
domains, such as the guidelines [1] for product design or 
references models for  process development and factory 
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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x Logistics planning: logistics planning, including systems, 
knowledge and information, including several sites  
x Product monitoring: in line and interlinked product 
monitoring from the production line to the usage at the 
client. 
 
Looking at these four very different engineering tasks, it 
becomes obvious, that the demonstrators not only address 
different activities, but also address engineering activities on 
different levels. While some demonstrators mainly go deep 
into detail for a very specific task (logistics planning), others 
span multiple life cycles and across very different knowledge 
domains (project management). 
In sum, about 22 eApps are being created, depending on 
the way groups of them are counted. They also range broadly 
in complexity of their functions, interconnectivity and the 
other criteria that were described in the classification of 
eApps given above. This gives the project the ability to verify 
the effects of very different types of eApps in real production 
environments. In the following sections, one example of an 
eApp is explained in more detail, including a description of 
the effects and the KPIs that are expected to change. 
The example is derived from the last bullet in the list of 
engineering activities above, targeting product monitoring 
inside of complex production environments. In the case of the 
Apps4aME project, the partner is from the food processing 
industry. Food as a product group implies not only a 
complexity considering its storage, transport and delivery but 
also is hardly in the main focus of current production ICT 
providers. This leads to a lack of specifically targeted 
solutions with the result that existing solutions are adapted 
only slightly. One of the eApp derived for this case essentially 
enables a temperature logging, capable to measure the 
temperature of the product within the required frame. The 
temperature interval depends on the product group, e. g. for 
fresh meat between 0 and 2 °C. Products are especially prone 
to temperature changes during their transport to the client. If 
the product is not inside of the temperature interval, the whole 
lot is considered spoiled and needs to be disposed of. This is 
not only an ecological but also an economical problem, as the 
responsibility for the product lies with the supplier until it is 
unpacked from the storage facility of the client and put into 
their store. Even if it seems illogical at first, it is the simple 
reason of the requirement to prove that the product was 
always inside of the temperature interval when it reached the 
client facility. As it is only unpacked, sometimes up to one 
week after delivery, this cannot be done without fully 
monitoring the temperature with an according timestamp. 
There are temperature logging devices available, but they are 
expensive and cannot be connected to the ERP system. An 
ERP connection is required in order to derive the exact 
composition of the delivery and therefore deriving the 
applicable temperature limits. Within the Apps4aME project, 
an eApp was developed to address this issue. 
The eApp shows the upper and lower temperature limit, as 
well as the temperature curve that was read out from the data 
logger. The data logger is an iButton device, which provides 
the capability to measure up to 8 days of delivery time in 
configurable intervals. The eApp is fully connected to the 
ERP and can add its information to the order information 
already available. Using this solution it is easy to prove, when 
and where in the delivery process, the temperature limit was 
exceeded. This enables the food industry to shift the 
responsibility of spoiled food to the actual party that is 
responsible. As a handheld device, common Sony mobile 
phones can be used to read out the data loggers with a USB 
device, which keeps the full price low. This also helps to 
show the client the full temperature progress directly at the 
delivery. 
Currently additional and more advanced functionalities are 
in preparation: Especially helpful can be the integration with 
the reasoning engine also derived in this project, in order to 
for example suggest the addition of a temperature data logger 
to a delivery to a client that was prone to problems in the past. 
The comparative price (using street prices) of the system is 
currently about 1/18th of the price of a temperature logger as 
they are available on the market. As the mobile device is a 
standard device available on the market, the complete solution 
is very applicable and supports the existing processes, whilst 
streamlining them. Next to the lower price, the identification 
of clients prone to temperature issues is expected to lead to a 
significant rise in the customers’ acceptance rate and therefore 
to a significant rise in customer satisfaction. Additionally, 
lowering the number of spoiled food has an ecological as well 
as a sizeable economic impact. 
Over all the resulting eApps, significant impacts are 
expected and in parts already shown in very different phases  
of the engineering processes, depending on the demonstrator. 
Some examples, sorted according to the four demonstrators: 
On its highest level, the first demonstrator “project 
management” addresses the reaction time, when the project 
lead is asked for the status of the project. This is supported by 
significantly decreasing the time that is required to access key 
data, as the systems automatically aggregate information and 
derive a status on different levels, depending on the type of 
user. The second demonstrator “quoting and production 
monitoring” significantly drops the required effort to 
introduce an IT based monitoring of the production. It also 
enables the creation of quoting based on new approaches to 
similarity matches that make a lot better use of the gathered 
historical data. This helps to get the accuracy of quotes for 
clients up and with its shop floor management integration also 
optimizes the lead times in the production. The “logistics 
planning” demonstrator drastically reduces the time and the 
complexity for logistics planning, especially for the data 
retrieval, when two or more production sites need to be tightly 
planned together. The fourth demonstrator with the “product 
monitoring” optimizes the delivery process and reduces 
delivery losses as shown above and also addresses the 
complex picking processes, as they are required in the food 
industry. 
Altogether, engineering tasks along the whole chain of life 
cycle are affected and overall, most impacts are either on time 
efforts that are required for difficult tasks or on the high costs 
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that usually come with complex and integrated software 
solutions. 
5. Conclusion and outlook 
With the project being only a few months before its end, 
first conclusions can be drawn for the Engineering Apps 
approach. In sum, the approach works better than expected, 
keeping implementation efforts low and the solutions having 
the impacts that are expected. The integration of other modern 
approaches like semantic ontologies is very promising and are 
strongly on the way into production environments. Even with 
the solutions not yet being finished, it is already very clear to 
see that the impacts that are expected will be achieved in 
almost all cases with a significant lessening of the required 
learning curve of the employed eApps in comparison to 
current engineering software solutions. An unexpected side 
effect is that most shop floor personnel liked having eApps on 
their mobile devices which helped with the acceptance. With 
the eased integration of other legacy systems, the barriers 
between the life cycles – or on an organizational level, 
between departments – become lessened, if not broken down 
completely. While the quantification of the effects the 
singular eApps are having when being introduced into the real 
production environment is a task where work has currently 
just begun, it is already safe to say that the effects are drastic 
and the introduction efforts are significantly less than with 
current large scale engineering software solutions. With the 
demonstrators spanning very differing industrial branches, the 
effects of the eApps approach that are shown cannot be 
attributed to specificities of a single industrial branch but are 
likely generally applicable. Especially with industrial 
branches that are not the main focus of current ICT providers, 
the engineering app approach shows better fitting solutions 
for considerable lesser prices and will have an impact to 
widen the scope of the digitalization outside of the already 
well known big players. Nevertheless, it can be shown, that 
the big players benefit as well from the engineering app 
approach by reducing the necessity for unprofessionally 
created and maintained software “island solutions” and 
therefore promising more control over the complex software 
landscape. 
With the implementation nearing completion, the eApps 
are currently being deployed at the industrial partners. During 
this deployment, further and more advanced functions are 
being evaluated for their worth together with the according 
end users. Especially additional functions can now be 
addressed using the semantic ontology and the data 
warehouse with the integrated reasoning engine. Using the 
deployment at the end users, the previsioned KPIs will be 
measured before and after the introduction. This will lead to a 
quantification of the positive effects that are already visible. 
As a longer term outlook, the approach is entering a multitude 
of projects, both scientific and industrial and is on a good way 
to become a standard approach to introduce innovative 
software solutions and to address knowledge challenges in 
several life cycles. 
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